every summer, causing severe economic damages in mariculture in Japan (Kawakami and Nakajima, 2002) .
Red sea bream iridovirus (RSIV) is a DNA virus with a double-stranded DNA genome (110 kbp) in an icosahedral virion capsid, and classified in the genus Megalocytivirus within the family Iridoviridae (Jancovich et al., 2012) . RSIV has apparent tissue tropism to the spleen and kidney, where a large number of abnormally enlarged cells stained with hematoxylin are formed by the infection. Similar infections with megalocytiviruses have been reported in many cultured fish species since the 1990s in East and Southeast Asia. On the basis of the viral MCP gene sequence, they are classified into the RSIV type, the infectious spleen and kidney necrosis virus (ISKNV) type, and the turbot reddish body iridovirus (TRBIV) type (Kurita and Nakajima, 2012) . RSIVD caused by the RSIV and ISKNV type viruses is listed by the World Organisation for Animal Health (OIE), which excludes the TRBIV type viruses because the pathogenicity of TRBIV is still debatable (OIE, 2016) .
Juveniles of devil stinger Inimicus japonicus are produced in hatcheries widely in the western part of Japan for stock enhancement. From October to November in 2013, mortality occurred in devil stinger (approximately 2 g) in a hatchery located in Hyogo Prefecture in Japan. The cause of death was identified as RSIVD by a series of investigation in this study. This is the first report of occurrence of RSIVD in devil stinger.
Materials and Methods

Disease outbreak
Devil stinger juveniles were bred and reared with flowing sand-filtrated seawater in a public hatchery of Hyogo Prefecture in 2013. Approximately 20,000 fish, whose mean body weight was about 2 g, were transferred to a 6-t concrete tank on October 7 (water temperature: 24.7°C). Pale color in the head or body and lethargic behavior were noticed in relatively larger fish from October 17, when the water temperature was at 22.9°C. The abnormal fish died within a day or two and the gills of dead fish were pale pink. The mortality with the same symptoms continued for a month with the daily mortality of 10-50 fish.
RSIV detection from diseased fish by real-time PCR
Five dead fish were sampled on October 23 and November 6, respectively. The spleen and kidney of each dead fish were pooled and the DNA was extracted using Maxwell ® 16 System DNA Purification Kit ivMCP288R-FAM (5′-FAM-CGT-CCG-CTG-TTC-TCC-TTG-CTG-GAC-G-3′) reverse primer were used (Ito et al., 2013) . Two microliters of the extracted DNA was used as template and real-time PCR was performed according to the published protocol (Ito et al., 2013) using THUNDERBIRD Probe qPCR Mix (TOYOBO).
Histopathology
On November 11, four fish which showed pale color in the head or body, lethargic behavior, and pale pink gills were sampled. Each organ (gills, kidney, spleen, liver, gastrointestinal tract, head, vertebrae, skin, muscle, and fins) was fixed in Davidson's solution overnight. The fixative was replaced with 70% ethanol. The tissues were decalcified with EDTA and embedded in paraffin. Sections were cut at 3 μm, and stained with hematoxylin and eosin (H&E) or May-Grünwald and Giemsa.
Virus isolation
Grunt fin (GF) cell line (Clem et al., 1961) that were maintained in Basal Medium Eagle (BME; MP Biomedicals) supplemented with 10% fetal bovine serum (FBS) and antibiotic-antimycotic (GIBCO/BRL Life Technologies Inc.), was used for virus isolation. The pooled sample of the kidney of dead fish on November 11 was homogenized using BioMasher-II (NIPPI Inc.) with the BME medium. After centrifugation (3,000 × g, 10 min), the supernatant was inoculated to GF cells prepared in a 24-well plate and incubated at 25°C for 10 days. Isolated virus was passaged according to Ito et al. (2013) , and the cell culture supernatant was stored at -80°C.
Sequence analysis of major capsid protein gene of RSIV
Viral DNA was extracted from the isolated virus using Maxwell ® 16 System DNA Purification Kit (Promega). A genome region (approximately 1,500 bp) containing the total length of RSIV major capsid protein (MCP) gene was amplified by PCR using RSIV MCP-F0 (5′-GTC-GGA-CTG-TTG-GTC-TTG-CT-3′) forward primer and RSIV MCP-R0 (5′-CAG-CAT-GCC-TTG-CAT-ACG-3′) reverse primer. PCR was performed using 1 μL of the extracted DNA and TaKaRa Ex Taq Hot Start Version (TaKaRa). The thermal profile consisted of one denaturation cycle of 94°C for 2 min, followed by 35 cycles of denaturation at 94°C for 30 s, annealing at 60°C for 30 s, and extension at 72°C for 90 s, followed by a final extension step of 72°C for 2 min. The PCR amplicon was purified using a Wizard ® SV Gel and PCR Clean-Up System (Promega) and directly sequenced by DNA sequencing services (FASMAC). On the basis of the nucleotide sequence, ORF of the viral MCP gene was predicted and the information was registered to the DNA Data Bank of Japan (DDBJ) under the accession number LC150886.
Experimental infection
Fifteen devil stinger (1.9 ± 0.6 g) which had been bred in the public hatchery of Hyogo Prefecture was used in this experiment. They were apparently healthy fish (i.e., no clinical sign of RSIVD and epitheliocystislike disease). They were reared for 3 weeks before the experiment in flowing sand-filtrated seawater controlled at 25°C with a commercial diet (Marubeni Nisshin Feed Co., Ltd.). Ten fish were intraperitoneally (IP) injected with 50 μL of HyoDS-13 isolate (10 2.3 TCID 50 /fish). Five fish were injected with the BME medium as the negative control. They were kept at 25°C in 45-L tanks with flowing sand-filtrated seawater and fed the commercial pellet food once every 2 days and mortality was observed for 21 days. Total DNA was extracted from the kidney of dead fish and surviving fish, and the amount of RSIV genome of each specimen was measured by the real-time PCR as described above.
Results
A large amount of RSIV genome (10 6.1-8.9 copies/mg tissue) was detected from all examined fish sampled on October 23 and November 6 (Table 1) .
In histopathology, a large number of abnormally enlarged cells were observed in all examined fish (Fig.  1) . The enlarged cells were round or elliptical (9-16 × 13-20 μm) and were usually stained with hematoxylin. The enlarged cells sometimes contained a large nucleus. A small nucleus was occasionally observed at the edge of the enlarged cells, although it is uncertain whether they are the nuclei of the enlarged cells or of the phagocytes that have engulfed the enlarged cells. The abnormal cells were observed in the spleen, liver, connective tissue of head, gastrointestinal tract, mesentery, and heart. An extremely large number of the enlarged cells appeared in the gills and kidney. On the other hand, they were rarely observed in the nervous tissue, skin, lateral muscle, and pancreas. In addition, the fish were also affected by epitheliocystis-like disease (Egusa et ., 1987) ; cysts of rod-shaped bacterium (0.5 × 1.0 μm) were observed in the secondary lamellae. Hyperplasia of epithelium probably due to the disease was observed in the gill lamellae in two of the examined fish. Virus was isolated from the kidney of dead devil stinger with the cytopathic effect (CPE) characterized by rounding of cells. The viral MCP gene was predicted as 1,362 bp from the analysis of the isolated virus (LC150886). The gene sequence was identical to those of RSIV-6SB (AB666327) from yellowfin seab r e a m Acanthopagrus latus i n 2 0 0 4 , R S I V -1 (AB666328) from barred knifejaw in 1996, RSIV-4 (AB666331) from striped jack in 1996, and RSIV-7 (AB666334) from red sea bream in 1996, and hence, the isolated virus was designated as RSIV HyoDS-13.
In the experimental infection, the virus-inoculated devil stinger decreased feed intake from 8 days postinoculation (dpi). Dead fish were observed from 10 dpi, and all of the inoculated fish died by 16 dpi (Table 2) . In dead fish, the color in the head or whole body was pale and the color in the gills was pale pink. Large amounts of RSIV genome (10 6.9-9.2 copies/mg tissue) 1.9 Surviving 21 UD * 1 ; Ten fish were used for viral inoculation group and five fish were used for the negative control group. * 2 ; Days after viral inoculation, when the fish was found dead and sampled. The fish of the control group were sampled at the end of the experiment (21 days after inoculation). * 3 ; UD, below the limit of detection was detected from the kidney of all dead fish. On the other hand, no mortality was observed in the control group and no RSIV genome was detected from them (Table 2) .
Discussion
The present study clearly indicates that the mortality of devil stinger was caused by RSIVD. This is the first case of RSIVD in devil stinger, which was reported to OIE as a new host fish. The morphology and distribution of the enlarged cells observed in the present study were mostly similar to those observed in the RSIVinfected red sea bream reported by Jung et al. (1997) . In addition, large amounts of RSIV genome was found in the dead devil stinger in both the spontaneous disease outbreak and experimental infection, which was equal to or greater than that in the dead yellowtail from experimental infection (Ito et al., 2013) . The devil stinger is certainly a susceptible fish species of RSIV although RSIVD in Scorpaeniformes including devil stinger have been only reported from Korean rockfish Sebastes schlegeli so far (Kim et al., 2002) . The sequencing analysis of MCP gene suggested that RSIV HyoDS-13 is a conventional type of RSIV derived from Perciform fishes. RSIVD may newly occur in potentially susceptible fish species as the number of farmed fish species increases.
Epitheliocystis-like disease which was observed in the gills may have aggravated hypoxia that were also caused by RSIVD, since anemia is a typical symptom for RSIVD (Inouye et al., 1992) and the pale gills found in this study strongly suggests that the affected fish also suffered from anemia. The anemia of RSIV-infected fish might be caused by the disruption of the hematopoietic tissues, where many enlarged cells appear as also found in the present study. Hyperplasia of the gill epithelium observed in the present study was probably caused by epitheliocystis-like disease. Deformation and adhesion of secondary lamellae was reported in spotted knifejaw (O. punctatus) affected by this disease (Egusa et al., 1987) , whereas such changes have never been reported for RSIVD. These unfavorable conditions may have caused the mortality in devil stinger even when the water temperature decreased to around 20°C, at which RSIVD usually ceases.
For the present outbreak, RSIV was detected later from the broodstock of devil stinger used for hatchery seed production (data not shown) and those fish might have been the source of infection. However, the risk of vertical transmission through eggs or sperm seems to be low, because RSIVD has never reported in hatcheries (Nakajima and Kurita, 2005) . In the present case, the outbreak occurred while the juveniles and broodstock were reared in the same facility. Therefore, RSIV might have been horizontally transmitted from the broodstocks to the juveniles via rearing water or equipment. Since the outbreak, infection control measures, such as disinfection of footwear and hands or the separate usage of equipment among tanks, have been adopted, and no RSIVD has recurred in the facility. Thus, RSIVD in hatchery-reared juvenile devil stinger seems preventable if appropriate control measures are adopted.
